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Appendix A: Study sites.

Aboude

Aboude, Southern Cote d’lvoire, is located in the evergreen forest zone with altitude between 30
and 100 m above sea level. The climate is characterised by four seasons: a long rainy season (April-
July), a short dry season (August-September), a short rainy season (October-November) and a long
dry season (December to March). Average temperature is around 27°C and average rainfall of
120mm. Relative humidity ranges from 70 to 85%. The hydrographic network of the region is very
diversified and characterized by the presence of the Bandama and the N'zi Rivers with several
streams. The primary activity of the rural population is agriculture with mainly cocoa, rubber,
vegetable and irrigated rice fields with large use of pesticides. Malaria transmission occurs during
the rainy seasons, between April and November [1] but insecticide resistance has not been
documented to date.

Grand Popo

The study site in Benin is in the southwestern coastal part of the country. Elevation ranges from Om
to 70m above sea level. The average temperature is 28.9°C, average relative humidity is 76% with
average annual rainfall of 190mm. The rainy season is characterized by abundant rains during April
to July, and a lower amount of rain from September to October. The area is mostly urban and
cultivated, and use of pesticide is common. Studies have been published on malaria incidence and
bednet use [2-4], however there are no studies on mosquito species distribution or insecticide
resistance.

Malindi

The study site contains the large town of Malindi with approximately 210,000 inhabitants. The
climate is tropical, a cooler season from June to September, with daytime temperatures around 27-
28 °C, is followed by a hotter and humid season from November to April, with daytime temperatures
above 30 °C. Relative humidity ranges between 80-85%. Malindi is comprised of commercial and
residential areas, agricultural and undeveloped areas, and hotels and stores along the coast.
Tourism, retail, fishing, and trading are the major economic activities. This area is within Kenya’s
endemic malaria zone with all-year risk of malaria transmission [5]. The major malaria control
intervention in Malindi is the use of pyrethroid treated bednets. Studies to detect insecticide
resistance show suspected Anopheles resistance to pyrethroids [6, 7].

Migori

Migori is located in western Kenya, about 50km from Lake Victoria and with elevation ranging from
1,200m to 1,500m above sea level. The average annual temperature is 21°C, and average relative
humidity is 65% with average annual rainfall of 1,000 -1,800mm. The area experiences long rains
from April to June and short rains from September to October. The land is mainly used for cultivation
and grazing. There are some studies on malaria burden from the area [8, 9], but none on mosquito
abundance or insecticide resistance even if indoor residual spraying is taking place.

Muleba

Muleba is in the Kagera region of northwest Tanzania on the western shore of Lake Victoria. The
district lies at 1,100-1,600m above sea level. There are two rainy seasons: “long rains” in March —
June (average monthly rainfall 300 mm) and “short rains” in October-December (average monthly
rainfall 160 mm). Average annual temperature is 21°C (with minimum- maximum range of 15°C-
28°C) and average relative humidity of 66%. The area is mainly rural and is used for agriculture.
Malaria transmission occurs throughout the year and peaks after the rainy seasons. The



predominant malaria vectors are Anopheles gambiae s.s. and An. arabiensis, in which pyrethroid
resistance has been detected [10].

Obuasi

Obuasi is located in the southern part of the Ashanti region of Ghana about 64 km south-west of the
regional capital Kumasi. The area has an undulating terrain with most of the hills rising above 500
meters above sea level and vegetation characteristic of the moist semi-deciduous forest type. The
climate is semi-equatorial and characterised by two rainy seasons. The first season starts from
March and ends in July and the second from September to November. The mean annual rainfall
ranges between 125mm and 175 mm, while the mean average annual temperature is 25.5 °C and
relative humidity 75% — 80% in the wet season. Agricultural activities in the area include crop
farming, livestock rearing, tree planting and fish farming. Mining and quarry forms the second
largest industrial activity in the municipality and creates potential mosquito breeding sites all year
round. Resistance to multiple insecticides in Obuasi has been documented in Anopheles gambiae
and An. funestus mosquitoes [11-13].
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Appendix B: Clustering algorithm.

The Quadratic Discriminant Analysis (QDA) has been embedded into an algorithm that determines
the optimal number of ecological classes and their geographic delimitation for each area. The
algorithm steps are the follows:

Initialization

i Define the initial number of classes, No. Our initial choice has been Ng = the number of land
cover classes in the area. This decision is made on the assumption that mosquito distribution
is significantly predicted by land use and land cover. The co-variates are all the
environmental variables described in the methods of the manuscript.
Splitting algorithm

ii. QDA s applied to No classes in the first iteration, otherwise to N;.

iii.  The class with lowest probability is then split into two sub-classes of similar size based on
the criterion of minimum intra-class variance. At the iteration, j, the number of classes is N; =
Nj.1+1.

iv. Repeat ii and iii until N; is equal to a maximum number of classes, here fixed to 8.

Merging algorithm

V. Set j=1

Vi. Starting from Ng, merge the two classes with the largest probability that members belong to
both classes. At the iteration, j, the number of classes is Nj = Nj.1-1.

vii.  Apply QDA to Njclasses
viii. Repeat vi and vii until N; is equal to a minimum number of classes, here fixed to 2.
Selection of the optimal number of classes

iX. The optimal number, N*,of classes is selected based on the Wilk’s criterion [1]. The largest
reduction in the Wilk’s criterion between two consecutive classes (equivalent to a sharp
decline below the trend in the graph plotting Wilk’s Lambda on the y-axes and number of
classes in the x-classes) indicates the optimal number of classes.

Classification

X. In the final step, all the points are classified in one of the N* classes. Uncertainty is

measured as the sum of the probabilities that a point belongs to any of the other classes.

The Wilks’ criterion is based on the following general equation:
T=W+B (B1)

where T is the total sums of squares and products matrix, W is the total sums of squares and
products within groups and B is the total sums of squares and products between groups. The Wilks’
criterion or Wilks’ Lambda (L) is the ratio of the determinants of W and T:

_w

| (B2)

therefore, minimizing L is equivalent to minimising |W|.
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Appendix C: Experimental and fitted variogram for the AIRS Migori data.
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Figure C1. Variogram cloud (points) and fitted correlation function (Matern, with parameters
described in the text) for the AIRS mosquito sampling locations in Migori.



Appendix D: Wilk’s lambda plot for the ecological classification in each of the sites.
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Figure D1. Wilk’s Lambda criterion for Aboude (lvory Coast).
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Figure D2. Wilk’s Lambda criterion for Grand Popo (Benin).
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Figure D3. Wilk’s Lambda criterion for Migori (West Kenya).
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Figure D4. Wilk’s Lambda criterion for Muleba (Tanzania).
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Figure D5. Wilk’s Lambda criterion for Obuasi (Ghana).



Appendix E: Ecological classification table.

Table E1. Classes delineated by ecological classification (described in Appendix B): description,
location and colour used in the maps.

Class
10

15

20

25

35

45

55

60

65

75

85

95

*Low, values lower than 25% quartile; Medium, values between 25% and 75% quartiles; High, values

Description

Cultivated land. Medium ET mean and variance, EVI mean,
variance and amplitude, Temp mean, variance and
amplitude, Precipitation; High ET amplitude and Elevation.
Mixture of Cultivated land and Forest. Low ET mean, EVI
variance and Temp mean. Medium EVI mean, elevation
and Precipitation.

Forest. Medium ET mean amplitude and variance, EVI
mean, variance and amplitude, Temp mean and variance,
Elevation and Precipitation; High Temp amplitude.
Mixture of Cultivated land, Shrubland and Wetland. Low
ET mean, EVI variance and Temp mean. Medium Elevation
and Precipitation.

Mixture of Shrubland and Grassland. Low Temp amplitude
and Precipitation; Medium ET mean and variance, EVI
mean, variance and amplitude, Temp mean and variance;
High ET amplitude.

Mixture of Shrubland, Grassland and Wetland. Low EVI
amplitude, Temp variance and Precipitation; Medium ET
mean and amplitude, EVI mean and variance, Temp mean
and variance; High Temp mean and ET variance.

Mixture of Urban, Forest, Wetland and Grassland. Low
Temp mean; Medium ET mean, EVI mean and variance,
and Precipitation; High Elevation.

Wetland. Low ET mean, EVI mean and variance; Medium
Temp mean and Elevation; High Precipitation.

Mixture of Urban, Tundra, Wetland, Water bodies and
Grassland. Low ET variance and amplitude; Medium
Elevation; High ET mean, EVI mean, variance and
amplitude, Temp amplitude and Precipitation.

Mixture of Water bodies and Urban. Low ET mean, EVI
mean and amplitude, Temp variance and Precipitation;
Medium ET amplitude and EVI variance; High ET variance
and Temp mean.

Mixture of Grassland, Water bodies and Urban. Low ET
variance and amplitude, and Elevation; Medium Temp
mean; High ET mean, EVI mean, variance and amplitude,
Temp variance and Precipitation.

Mixture of Wetland, Water bodies and Urban. Low EVI
mean and amplitude, and Temp amplitude; Medium ET
mean, EVI variance, Temp variance and Precipitation; High
ET variance and amplitude, and Temp mean.

larger than 75% quartile.

Colour
Mango

Red

Dark

Green

Orange

Light
green

Pink

Yellow

Navy

Purple

Sky

Brown

Grey



Appendix F: Classification and uncertainty map for each site.
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Appendix G: Effect of stratification on sample size and on the improvement of
mosquito abundance model.

Table G1. 95% Confidence interval (Cl) of the rate ratio between A; and A, (Poisson distribution rate
parameters from mosquito counts in the full survey and mosquito counts in a sub-sample of
locations respectively), where A; is calculated for each sample size. The sample size refers to each
strata for a total of 2*4, 3*4, 4*4 and 5*4 locations, where 4 is the number of strata. In the case of
complete random sampling (last 3 rows), then the 2*4, 3*4, 4*4 and 5*4 are the number of
locations sampled independently from the strata.

Cl 2 3 4 5

0.025 0.94 0.91 0.86 0.85

Stratified 0.5 1.05 0.99 0.93 0.9
0.975 1.16 1.08 1 1.07

0.025 1.11 1.11 1.03 1.04

Random 0.5 1.25 1.21 1.11 1.07
0.975 1.4 1.33 1.21 1.12

Table G2. ANOVA analyses of Poisson generalised linear models for female (F), male (M) and total
(F+M) mosquitoes of An gambiae and An. funestus. Residual deviance is in % of the Null deviance.

Species Sex Residual Pvalue
deviance

An. gambie | F 87 2.2e-16
M 89 2.2e-16

F+M 88 2.2e-16

An. funestus | F 88 2.2e-16
M 93 2.2e-16

F+M 89 2.2e-16




